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(57) ABSTRACT

Disclosed herein 1s a method for treating and preventing
prostate cancer, and particularly androgen-independent pros-
tate cancer, the method including administering to a mammal
a benzothiopene having the formula

or pharmaceutically acceptable salts or prodrugs thereof,
wherein R and R, are each independently selected from the
group consisting of hydrogen, —COR,, —COR;,and R,; R,
1s selected from the group consisting of hydrogen, C1-C14
alkyl, C1-C3 chloroalkyl, C1-C3 fluoroalkyl, C5-C7
cycloalkyl, C1-C4 alkoxy, and phenyl; R, 1s phenyl with at
least one substitution selected from the group consisting of
C1-C4 alkyl, C1-C4 alkoxy, hydroxy, nitro, chloro, fluoro,
trichloromethyl, and trifluoromethyl; R, 1s selected from the

group consisting ol C1-C4 alkyl, C5-C77 cycloalkyl, and ben-
zyl; and R 1s selected from the group consisting of oxygen
and —C—0. The method may further include the admainis-

tration of an estrogen lowering drug to enhance efficacy of the
compound of the present invention.

6 Claims, 6 Drawing Sheets
(4 of 6 Drawing Sheet(s) Filed in Color)
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USE OF BENZOTHIOPENES TO TREAT AND
PREVENT PROSTATE CANCER

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 10/142,087 filed May 9, 2002 now aban-

doned, the contents of which are hereby incorporated by
reference.

FIELD OF THE INVENTION

Embodiments of the present invention are directed to meth-
ods for treating and preventing prostate cancer, 1n particular
androgen-independent prostate cancer, by administering to a
patient a benzothiopene, such as raloxifene or arzoxiiene.

BACKGROUND OF THE

INVENTION

Several types of cancer can affect the prostate gland,
including adenocarcinoma, sarcoma, squamous cell carci-
noma, and ductal transitional carcinoma. Adenocarcinoma 1s
the most common of these and 1s one of the most common
malignancies 1n men over 50 years old. In the United States,
over 200,000 men become diagnosed with this type of cancer
every year.

Most cancers of the prostate gland have androgen recep-
tors. They depend on testosterone and other androgens for
theirr growth. Hormone ablative therapy—therapy which
chemically iterferes with androgens or the organs that pro-
duce 1t—is therefore standard in the treatment of prostate
cancer. Such therapy can prolong survival of men with pros-
tate cancer from 3 to 5 years or more.

Chemical hormone ablative therapy includes the adminis-
tration of drugs that block the hormonal pathways that lead to
androgen synthesis. In the male, the hypothalamus secretes
gonadotropin releasing hormone (“GnRH”), which stimu-
lates the pituitary gland to secrete luteinizing hormone
(“LH”); LH, in turn, stimulates the testes to produce testoster-
one. Synthetic analogs of GnRH and LH are therefore admin-
istered to reduce levels of androgens circulating within the
body. These analogs compete with their natural counterparts
for binding to GnrH receptors, thereby down-regulating the
receptors and interrupting the testosterone production cycle.
Estrogen also blocks androgen production, but can compro-
mise cardiovascular health and so 1s rarely used. Antiandro-
gen drugs, such as flutamide, bicalutamide, or mlutamide, are
also available. These bind to androgen receptors on prostate
cancer cells, preventing their activation, and thereby limiting
the action of natural androgens.

Surgical hormonal ablative therapy comprises surgical
removal of one or both testes (orchiectomy), the testosterone-
producing organ in the male. One may increase the effective-
ness of this treatment still further by combining 1t with anti-
androgens.

Androgen-independent prostate cancer (also called hor-
mone refractory prostate cancer) does not depend on andro-
gens for its growth; as a result, hormone ablative therapy has
little effect on 1t. Even therapies that are highly effective at
treating androgen-dependent cancers have been shown to be
ineffective when applied to patients with androgen-indepen-
dent cancer.

Androgen-independent cancer 1s difficult to treat. One can
decrease the size of prostate inflammation associated with the
cancer, such as with corticosteroids and other anti-inflamma-
tory agents, but such treatment has no eifect on the cancer
itself. For this reason, a basic medical text still teaches that
“There 1s no standard therapy for hormone refractory prostate

cancer.” M. H. Beers and R. Berkow, eds., Merck Manual of

10

15

20

25

30

35

40

45

50

55

60

65

2

Diagnosis and Therapy, 1658 (1999). According to this text,
cytotoxic and biologic agents “are being investigated,” but
“their superiority to corticosteroids alone has not been
proved.”

There 1s therefore a significant need in the art for a satis-
factory treatment of androgen-independent prostate cancer.
Such a treatment could have a dramatic impact on the health
of older men, among whom prostate cancer 1s common.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a therapy
for the treatment of prostate cancer, and 1n particular for the
treatment of prostate cancer that responds poorly to hormone
ablative therapy or does not respond to such therapy at all. In
other words, 1t 1s an object of the present 1nvention to provide
a last hope, a therapy for the treatment of prostate cancer 1n
those cases where patients have had—until now—Iittle hope
for long-term survival.

Disclosed herein 1s a method of treating prostate cancer
that 1s surprisingly effective at treating androgen-independent
prostate cancer, dramatically reversing the progression of the
disease 1n patients previously diagnosed as having only
months to live. The method comprises administering to
patients an elffective amount of a compound having the for-
mula

Formula I

NN N

T

N

OR,

RO

or pharmaceutically acceptable salts or prodrugs thereof. In a
preferred embodiment, the compound 1s raloxifene; the com-
pound of Formula I wherein R and R, are both hydrogen and
R. 1s —C=—0. In another preferred embodiment, the com-
pound 1s arzoxiiene; the compound of Formula I wherein R
and R, are both hydrogen and R: 1s oxygen. An estrogen
lowering drug (or drugs) may be administered 1n addition to a
compound of the present invention; particularly 1n instances
where a patient exhibits a serum estradiol level of greater than
about 30 pg/ml.

BRIEF DESCRIPTION OF THE DRAWINGS

The file of this patent contains at least one drawing
executed 1n color. Copies of this patent with color drawing(s)
will be provided by the Patent and Trademark Office upon
request and payment of the necessary fee.

FIG. 1 depicts the inhibition of growth of androgen 1nde-
pendent MSKPC9 tumor xenograits by raloxifene 1n accor-
dance with an embodiment of the present invention. FIG. 1A
illustrates a reduction in mean tumor volume for tumors

treated with raloxifene as compared with those in the control
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group. F1G. 1B similarly illustrates a reduction in mean tumor
weight for tumors treated with raloxifene as compared with
those 1n the control group.

FIG. 2 depicts protein expression in MSKPC9 tumor
xenografts in tumors treated with raloxifene as well as control
tumors in accordance with an embodiment of the present
invention. No ER-a protein expression was observed in the
treatment groups, and no difference in androgen receptor
(“AR”) or ER-f mRNA was observed between treatment
groups.

FIG. 3 depicts PSA (per tumor volume) increasing with
raloxifene treatment in MSKPC9 tumor xenograits 1n accor-
dance with an embodiment of the present invention.

FIG. 4 1s executed 1n color and depicts a staining of a

representative patient with disease that progressed during the
course of a clinical study of raloxifene, described 1n greater
detail 1n the ensuing Examples discussed herein, in accor-
dance with an embodiment of the present mvention. The
representative patient exhibited moderate to strong expres-
sion ol ER-f3 (FIG.4A;90% (1+)and 10% (2+)) and AR (FIG.
4C; 80% (1+), 12% (2+), 8% (0)), but an almost complete
absence ol nuclear staining for ER-a (FI1G. 4B; 99% (0)).

FIG. 5 1s executed 1n color and depicts a staiming of a
representative patient with disease that was stable during the
course of a clinical study of raloxifene, described 1n greater
detail 1mn the ensuing Examples discussed herein, in accor-
dance with an embodiment of the present invention. FIG. SA
illustrates the patient’s expression of ER-f3 (50% (1+) and
50% (2+4)); FIG. 5B 1illustrates the patient’s expression of
ER-a (26% (1+), 15% (2+), 59% (0)); and FIG. 5C 1llustrates
the patient’s expression of AR (42% (1+), 16% (2+), 43%
(0)).

FIG. 6 1s executed in color and depicts an immunohis-
tochemistry for positive controls in accordance with an
embodiment of the present mvention. FIG. 6A illustrates
tumor tissue without staining; FI1G. 6B illustrates tumor tissue
expressing ER-o; and FIG. 6C illustrates tumor tissue
expressing ER-{3.

FIG. 7 1s executed 1n color and depicts an immunohis-
tochemistry for MSKPC9 xenograft tumors in accordance
with an embodiment of the present invention. FIG. 7A illus-

trates staining for ER-{3; FIG. 7B illustrates staining for
ER-a; and FIG. 7C 1llustrates staining for AR.

DETAILED DESCRIPTION OF THE INVENTION

The method of the invention comprises administering to a
patient an effective amount of a compound having the for-
mula

O/\/O

Formula I

or pharmaceutically acceptable salts thereof, wherein R and
R are each independently selected from the group consisting
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4
of hydrogen, —COR,,, —COR,, and R ; R, 1s selected from
the group consisting of hydrogen, C1-C14 alkyl, C1-C3 chlo-
roalkyl, C1-C3 fluoroalkyl, C5-C7 cycloalkyl, C1-C4 alkoxy,
and phenyl; R, 1s phenyl with at least one substitution selected
from the group consisting of C1-C4 alkyl, C1-C4 alkoxy,
hydroxy, nitro, chloro, fluoro, trichloromethyl, and trifluo-

romethyl; R, 1s selected from the group consisting of C1-C4
alkyl, C5-C7 cycloalkyl, and benzyl; and R 1s selected from

the group consisting of oxygen and —C=—0. Such com-
pounds, as well as methods of preparing them, are described

in detail 1n U.S. Pat. No. 4,418,068 (“the *068 patent™), the
disclosure of which 1s hereby incorporated by reference. The

068 patent states that such compounds are useful for their
antiestrogen and antiandrogen properties.

The inventor has made the surprising discovery that com-
pounds of Formula I-—known principally for their antiestro-
gen properties—may be used to treat androgen-independent
prostate cancer; that 1s, that such compounds may be used to
treat cancers that lack androgen receptors or otherwise do not
depend on androgens for their growth. This discovery 1s par-
ticularly surprising in light of evidence that similar antiestro-
gens, most notably tamoxifen (tamoxifen citrate 1s available
under the tradename NOLVADEX from AstraZenica Phar-
maceuticals LP; Wilmington, Del.), have exhibited no effect
on androgen-independent prostate cancer 1n several previous
clinical tnials. However, the methods of the present invention
may be used 1n the treatment of androgen-dependent prostate
cancer, as well.

The mventor has demonstrated that prostate cancer cells
express the beta 1soform of estrogen receptors, and hypoth-
esizes that the mechanism of action of the compounds of
Formula I 1s signaling through the beta 1soform of the estro-
gen receptor. Preferred compounds of the invention are there-
fore those compounds of Formula I that are effective 1n block-
ing the beta 1soform of the estrogen receptor. Tamoxifen 1s
known to preferentially interact with the alpha 1soform of the

estrogen receptor.

An especially preferred compound for use with the method
of the invention 1s raloxifene (available under the tradename
EVISTA from El1 Lilly & Co.; Indianapolis, Ind.), a ben-

zothiopene having the formula

Formula 11

NN N

T UL
(

and pharmaceutically acceptable salts thereof. Raloxifene
hydrochloride (raloxitene HCI) 1s the preferred salt of the
compound of Formula II.

OH

HO

Another especially preferred compound for use with the
method of the invention 1s arzoxifene, a benzothiopene hav-
ing the formula
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Formula III

In another embodiment of the invention, one administers to
a mammal a prodrug of the compound of Formula I, or,
preferably, a prodrug of the compound of Formula II or For-
mula III.

Asused herein, the term “prodrug” refers to any compound
that 1s converted 1nto an active benziothiopene by metabolic
processes within the body. There are various reasons why one
might wish to administer a prodrug of the compounds of
Formula I, II, or III rather than the compound 1tself. Depend-
ing on the particular compound (or its salt) that one uses, a
prodrug might have superior characteristics as far as solubil-
ity, absorption, stability, release, toxicity, and patient accept-
ability are concerned. It should be readily apparent to one of
ordinary skill in the art how one can make a prodrug of any
compound of the invention. There are many strategies for
doing so.

Prodrugs of the present invention include compounds hav-
ing the formula

Formula IV

or pharmaceutically acceptable salts thereof. R, and R, may
be independently selected from the group consisting of
hydrogen (such prodrugs are converted 1n vivo by enzymatic
hydroxylation to active benzothiopenes), hydroxy and
—OR,, wherein R, 1s any suitable hydroxy protecting group
that 1s metabolically cleaved 1n the body to yield a corre-
sponding compound of the present invention, as described
above with respect to Formulas I, 11 or I1I. Hydroxy protecting
groups are described 1n Chapter 2 of T. W. Greene et al.,
Protective Groups in Organic Synthesis, 2"% Ed., 1991. By
way of example, simple ether and ester groups may be used as
suitable hydroxy protecting groups in accordance with an
embodiment of the present invention. Although an array of
suitable protecting groups will be readily apparent to those of
ordinary skill 1n the art, R, may additionally be selected from
representative protecting groups including, but 1n no way
limited to, C1-C4 alkyl, substituted or unsubstituted C1-C4
alkoxy, substituted or unsubstituted C1-C6 alkyl, SO,—(C4-
C6 alkyl) and —(CO)Ar in which Ar 1s benzyl or substituted
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6

phenyl (1.e., a phenyl group having one or more substituents
selected from the group consisting of C1-C4 alkyl, C1-C4
alkoxy, hydroxy, nitro, bromo, chloro, fluoro, 10do, trichlo-
romethyl and trifluoromethyl). The preparation of com-
pounds 1llustrative of those used in connection with the meth-
ods of the present invention 1s described 1n PC'T international

patent publication No. WO 98/4 5288, the disclosure of which
1s hereby 1incorporated by reference. This publication

describes the use of compounds related to those of the present
invention in the treatment of androgen-dependent prostate
cancer.

The administration of compounds of Formula I, I, Il or IV
(1including their salts and prodrugs of these formulas) may be
used as single agent therapy or as an adjuvant to established
therapy, such as chemotherapy, surgery, or any other therapy
known 1n the art to treat androgen-independent prostate can-
cer.

The appropriate dosage of the compounds of the invention
depends on the age and weight of the individual to be treated,
whether the compound 1s being used as single agent or adju-
vant therapy, the type of androgen-independent cancer (e.g.,
whether 1t 1s an adenocarcinoma, sarcoma, squamous cell
carcinoma, ductal transitional carcinoma, or other prostatic
cancer), the progression of the cancer (e.g., whether 1t has
metastasized or 1s localized), 1ts size, location, and other
factors well known to those skilled 1n the art of oncology. In
general, doses of between 10 mg and 300 mg per day may be
used. Although a dosage of 60 mg per day 1s sufficient to
generate a clinically significant outcome 1n some patients
(1.e., to treat the underlying disease condition or to merely
prevent 1t from worsening), higher dosages may be desirable
in cases where a patient does not respond to a dosage of 60 mg
per day. The patient may be resistant or otherwise unrespon-
stve to this level of treatment. A higher dosage of approxi-
mately 180 mg per day may be preferable in such cases,
although a patient need not first exhibit resistance or unre-
sponsiveness to a low dosage 1n order for an increased dosage
to be efficacious or advisable. The administration of either
raloxifene HCI, arzoxifene HCI or a prodrug thereof at a
single dose of 60 mg per day or 180 mg per day 1s especially
preferred in various embodiments of the present invention.

While not wishing to be bound by any particular theory, it
1s believed that the compounds of the present invention com-
pete with endogenous estrogen for binding with the beta
1soform of the estrogen receptor (ER-{3). As such, 1n a further
embodiment of the present invention, an estrogen lowering
drug (or drugs) may be administered 1n addition to a com-
pound of the present invention 1n either a treatment regimen
or combination pharmaceutical product. Suitable estrogen
lowering drugs will be readily recognized by those of skill in
the art. They may include, by way of example, the class of
compounds known as aromatase inhibitors. The additional
administration of an estrogen lowering drug may be particu-
larly desirable 1n cases where a patient exhibits a serum
estradiol level of greater than about 30 pg/ml (normal males
have a serum level of estradiol of between about 50 pg/ml and
70 pg/ml). Preclinical studies described in greater detail in the
ensuing Examples demonstrated efficacy of ER-targeting
therapy only in the absence of estradiol or the presence of low
levels of estradiol (e.g., less than about 30 pg/ml). While a
complete absence of estradiol 1s not necessary to effect the
methods of the present invention with the benzothiopene
compounds described herein, 1t 1s believed that a reduced
serum estradiol level (1.e., at or below about 30 pg/ml) enables
significantly superior performance of the benzothiopene
compounds 1n effecting their anti-tumor properties.
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One preferably administers compounds of the invention
orally, though one can also administer them by intravenous
and intramuscular 1njection. In an especially preferred
embodiment, one administers raloxifene HCI as a solid tablet
containing 60 mg raloxifene HCI and excipients or 180 mg
raloxifene HCl and excipients. In another especially preferred
embodiment, one administers arzoxifene HCl as a solid tablet
contaiming 60 mg arzoxifene HCI and excipients or 180 mg
arzoxifene HCI and excipients.

Compounds of the mmvention are generally prepared by
uniformly combiming a compound of Formula I, 11, III or IV
with a pharmaceutically acceptable liquid carrier, a finely
divided solid carrier, or both, and then shaping the product, 1f
necessary. As used herein, “pharmaceutically acceptable car-
rier” refers to a carrier that 1s compatible with the other
ingredients of the formulation and does not harm the subjects
to which 1t 1s administered. Suitable such carriers include, for
example, water, alcohols, natural or hardened oils and waxes,
calcium and sodium carbonates, calcium phosphate, kaolin,
talc, and lactose.

Formulations according to the invention are preferably
combined with one or more excipients such as the following:
preservatives, such as ethyl-p-hydroxybenzoate; suspending,
agents such as methyl cellulose, tragacanth, and sodium algi-
nate; wetting agents such as lecithin, polyoxyethylene stear-
ate, and polyoxyethylene sorbitan mono-oleate; granulating
and disintegrating agents such as starch and alginic acid;
binding agents such as starch, gelatin, and acacia; lubricating
agents such as magnesium stearate, stearic acid, and talc;
flavoring and coloring agents, and any other excipient con-
ventionally added to pharmaceutical formulations.

Formulations of the present mmvention suitable for oral
administration may be presented in any of the following
forms: discrete units such as capsules, cachets, or tablets each
containing a predetermined amount of the active ingredient;
powder or granules; solutions or suspensions 1 an aqueous
liquid or a non-aqueous liquid; or, as o1l-in-water liquid emul-
s1ons or water-in-o1l emulsions, and any other form suitable
for oral administration.

EXAMPLES

The following examples are typical of the procedures that
may be used to treat, in accordance with the methods of the
invention, patients sulfering from androgen-independent
prostate cancer, or to evaluate the efficacy of compounds of
the imnvention which may be used to treat such patients. Modi-
fications of these examples will be readily apparent to those
skilled 1n the art who seek to treat patients whose condition
differs from those described herein.

Example 1

Treatment of Male Patients with
Androgen-Independent Prostate Cancer

Three male patients were selected for treatment on the
basis of established diagnosis with prostate cancer. All three
patients had failed standard androgen withdrawal therapy.
Average prostate-specific antigen (“PSA”) levels for each
patient at the beginning of treatment was about 20-30 ng/ml.
Hormone ablative therapy, 1n some cases aggressively admin-
istered as long as 36 months, had failed, manifested by a
continued rise 1n PSA levels in each patient. The lack of
response to such therapy indicated that the prostate cancer in
cach patient was (or had become) androgen-independent.
Each patient continued to receive luteinizing hormone-re-
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leasing hormone (“LHRH”)-agonist therapy, despite tumor
growth 1n 1ts presence. This 1s considered standard therapy, as
tumor growth 1s likely to be more aggressive if testosterone
levels were allowed to return to normal 1n these patients.
Each patient received orally 60 mg of raloxitene HCI once
a day for a mmimum of 30 days. PSA levels in each patient
declined >50% 1n each patient after this period, demonstrat-
ing that raloxitene HCI can produce dramatically beneficial
results in patients suifering from androgen-independent pros-
tate cancer. The longest treated patient, as of the filing of the
parent patent application, was 17 months since beginming
therapy with a continued PSA <0.4 ng/ml and improvement in
his bone scan. In the majority of patients treated with ralox-
ifene, tumor stabilization occurred (non-progression), mani-
tested by a leveling off of the previously rising serum PSA.

Example 2

Inhibition of Tumor Growth 1n
Androgen-Independent Xenograit Model

The inventor used an androgen-independent Xenograift
model of human prostate tumor cells (CWR22R) to raise
tumors 1n male and female nude mice. Tumors developed
over aperiod of 2-3 weeks into palpable masses. 10 mice were
randomly assigned to a treatment group and 10 mice were
assigned to a control group. 0.85 mg/kg of raloxitene HCl was
administered daily by subcutaneous injection to each mouse
in the treatment group. Mice 1n the control group received an
injection of saline solution. After 30 days, tumors from sur-
viving mice were surgically removed and visibly examined.
Tumor size was reduced by 60% in mice from the treated
group as compared to mice from the control group and female
hosts.

Example 3
Preparation of Animal Subjects for Clinical Study

Xenogralt studies were performed as described 1n D. B.
Agus et al., “Response of prostate cancer to anti-Her-2/neu
antibody in androgen-dependent and -independent human
xenograft models,” Cancer Res. 59(19):4761-4764 (1999).
Orchiectomized seven- to eight-week-old nude athymic
BALB/c male mice were obtained from the National Cancer
Institute and maintained in pathogen-iree conditions. Mice
were moculated subcutaneously (*s.c.””) with minced tumor
tissue together with MATRIGEL reconstituted basement
membrane (available from BD Biosciences Discovery Lab-
ware; Bedlord, Mass.) from the established androgen inde-
pendent (“AI”) MSKPC9 xenograft cell lines; cell lines are
described in M. Nagabhushan et al., “CWR22: the first human
prostate cancer xenograit with strongly androgen-dependent
and relapsed strains both 1n vivo and 1in soit agar,” Cancer Res.
56(13):3042-3046 (1996), and D. B. Agus et al., “Prostate
cancer cell cycle regulators: response to androgen withdrawal
and development of androgen independence,” J. Natl. Cancer
Inst. 91(21):1869-76 (1999).

Animals with established tumors of at least 100 mm® in
volume were designated to treatment groups that consisted of
either raloxitene (40 mg/kg 5x/wk by oral gavage (“p.0.”)) 1n
1.5% carboxymethylcellulose with 0.2% TWEEN-20 (ob-
tamned from Sigma Chemical, Co.; St. Louis, Mo.) or the
vehicle alone at the same dosing schedule. Tumors were
measured twice weekly with vernier calipers, and tumor vol-
umes were calculated by the formula (;/6)x(larger diam-
eter)x(smaller diameter)”, described in M. F. Press et al.,
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“HER-2/neu gene amplification characterized by fluores-
cence 1n situ hybridization: poor prognosis in node-negative
breast carcinomas,” J. Clin Oncol. 13(8):2894-2904 (1997).
Animals were sacrificed 25 days post tumor inoculation and
tumor tissue was snap {rozen or fixed in paraifin for analysis.
Results are illustrated 1n FIG. 1, which shows that tumors
were smaller in amimals treated with raloxifene.

Example 4
Determination of Serum PSA [evels

Levels of PSA 1n the blood of implanted animals were
determined using an enzymatic immunoassay kit (obtained
from American Qualex; San Clemente, Calif.). Blood
samples were obtained prior to treatment by a small incision
in the dorsal tail vein to collect 30 ul of blood using a serum-
separator tube, or via a cardiac draw at sacrifice. Results of
these assays are depicted in FI1G. 3, which illustrates the rising,
PSA levels 1n animals treated with raloxifene.

Example 5
Immunoblot Analysis

Protein was extracted from the frozen tumor tissue by
homogemzing and briefly sonicating the tissue in the protein

extraction buller (radioimmunoprecipitation (“RIPA”)

butler, 5 ul/ml NaF, 5 ul/ml Na,VO,, 1 ul/ml protease inhibi-
tor cocktall and 5 upl/ml phenylmethylsulfonyl fluoride
(“PMSE”)). LNCaP and MCF-7 cells were harvested and
lysed with the same protein extraction buffer. Protein concen-
tration was determined using the Bradford assay. The samples
were boiled for five minutes and gel electrophoresis was
carried out using 50 ug of total protein in each lane. After
clectrophoresis, protein was transferred to a 0.45-um PVDF
membrane (obtained from Pall Corp.; Ann Arbor, Mich.).

After the transfer, nonspecific binding sites were blocked
by incubation 1 5% milk in 1xTBST (1.e., Tris Bullered
Saline with TWEEN) for one hour. Subsequently, membranes
were incubated with 5% bovine serum albumin (*BSA”) in
1xTBST containing the appropriate antibody (androgen
receptor (“AR’) 1:1000, ER-a 1:250, ER-f 1:250, B-actin
1:10,000; all antibodies obtained from Santa Cruz Biotech-
nology, Inc.; Santa Cruz, Calif.; heremafter “Santa Cruz Bio-
technology”) overnight at 4° C. After washing with 1 xTBST,
membranes were mncubated 1n the presence of rabbit (ER-a or
ER-p) or mouse secondary antibody (AR, 3-actin) at a dilu-
tion of 1:10,000 for one hour, and then developed using the
ECL Western Blotting Analysis System (obtained from
Amersham Biosciences, UK).

Example 6

RNA Extraction and Real-Time RT-PCR

Total RNA was extracted from prostate tumors using TRI-
Z0OL reagent (available from Invitrogen Corporation; Carls-
bad, Calif.). DNase I (obtained from Ambion, Inc.; Austin,
Tex.) was used to rnid the samples of any extraneous DNA that
might interfere with the reaction. The yield was quantified
spectrophotometrically. Total RNA was reverse-transcribed
into cDNA and PCR was performed 1n the same reaction by
using TAQMAN One-Step RT-PCR Master Mix Reagents Kit
(obtained from Applied Biosystems; Foster City, Calif.; here-
mafter “Applied Biosystems”). Probes were labeled with
6-FAM on the 3' end and TAMRA on the 3' end. [3-actin was
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used as the endogenous control and normalizer. The primer
pairs used are depicted 1n Table 1, as follows:

TABLE 1
PCR Primer Pairs
Fluorescent

Forward Reverse Labeled Probe
AR SEQ ID NO: 1 SEQ ID NO: 2 SEQ ID NO: 3
ER-c SEQ ID NO: 4 SEQ ID NO: 5 SEQ ID NO: 6
ER-P SEQ ID NO: 7 SEQ ID NO: 8 SEQ ID NO: 9
-actin SEQ ID NO: 10 SEQ ID NO: 11 SEQ ID NO: 12

The PCR cycling conditions were performed for all of the

samples as follows: 30 minutes at 48° C. for RT step; 10
minutes at 95° C. for AMPLITAQ GOLD Activation (avail-
able from Applied Biosystems); and 40 cycles for the melting
(95° C., 15 seconds), and annealing/elongation (60° C. for
one minute) steps. PCR reactions for each template were done
in triplicate using 1 ug of total mRNA per sample. Each
gene-specific primer pair was tested on standard 384-well
plates. Standard curves were constructed using 10-1000 ng of
total mRINA prepared from baseline CWR22R tumor lines.
All of the experiments were optimized such that the threshold
cycle (**C.”) from triplicate reactions did not span more than
one cycle number.

The comparative C, method (PE Applied Biosystems) was
used to determine relative quantification of gene expression
for each gene compared with the p-actin control. This method
1s described 1n PCR Applications: Protocols for Functional
(renomics,ed. M. Innis etal., Acad. Press. (1999). First, the C,
values from the (-actin reactions were averaged for each
triplicate. Next, the C, values from the gene-of-interest reac-
tions were averaged. The gene-of-interest average was
divided by the (-actin average to take into account the vari-
ability of total RNA. Finally, values of gene expression for
raloxifene-treated tumors were compared to values from
tumors from animals that were not administered any com-
pound

Example 7
Histopathology

Human and xenograit tissues were fixed 1n 10% butfered
formalin and embedded 1n parafiin, and 5-um sections were
incubated for 20 minutes in DAKO Target Retrieval Solution,
High pH (obtained from Dako Corp.; Carpinteria, Calif.;
heremnafter “Dako”) and stained with 1:100 mouse anti-hu-
man AR (obtained from Dako), rabbit anti-ER-a (obtained
from BioGenex Laboratories, Inc.; San Ramon, Calif.) or
rabbit anti-ER-3 antibody (obtained from Santa Cruz Bio-
technology). Slides were then incubated for 30 minutes with
DAKO EnVision System HRP Mouse or Rabbit (obtained
from Dako) and exposed with DAB Peroxidase Substrate Kit
(obtamned from Vector Laboratories, Inc.; Burlingame,
Calif.). Positive fields were scored by counting different
fields and more than 500 cells. Data were recorded 1n a
continuum as the percentage of cells stained and the intensity
of staining was graded as follows: 0, undetectable; 1+, mod-
crate staining; 2+ strong staining. A specimen was considered
as a “positive” result 11 at least 10% or more of the cells had
nuclear staining. Data generated 1n accordance with this and
the aforementioned Examples are presented in FIGS. 4-7.
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Example 8

Selection of Patients for Clinical Study

The protocol implemented in the ensuing Example was
approved by the Cedars-Sinai Institutional Review Board. All
the patients enrolled in the study gave written informed con-
sent prior to any study procedures being performed.

Between August 2001 and July 2002, twenty-one patients
were enrolled into the study at the Prostate Cancer Center of
Cedars-Sinai Medical Center in Los Angeles, Calif. Patients
who were eligible for the study were men who had histologi-
cally confirmed adenocarcinoma of the prostate and con-
firmed disease progression after hormonal therapy. Patients
were required to have progression of disease as evidenced by
C'T scan or rising PSA on two successive measurements atter
discontinuation of anti-androgen therapy. In addition,
patients recerving androgen receptor-blocking agents as their
last form of therapy had to have confirmed disease progres-
sion after drug withdrawal. Nonsurgically castrated patients
continued to receive LHRH agonist while on study to main-
tain castrate levels of serum testosterone.

Both patients with measurable disease by either bone scan
or CT scan, and evaluable disease evidenced by rising PSA
were included 1n the study. Patients whose only evidence of
disease progression was rising PSA had to have an increasing
PSA on any two determinations drawn at two least weeks
apart, with a greater than 20% increase from the baseline
value. Other eligibility criteria included: Karnofsky perfor-
mance status >70%, life expectancy >12 weeks (with at least
four weeks since major surgery or radiation therapy), and at
least 12 weeks for treatment with strontium-89, rhenium, or
samarium-153. Required laboratory values included white
blood cell (“WBC”) count greater than 3000 ulL, granulocytes
greater that 1,500 pL, platelets greater than 100,000/ulL,
hemoglobin greater than 9.0 g/dL, creatinine less than 1.5
times the upper limit of normal (“ULN”), aspartate transami-
nase (“AST”’) and alanine transaminase (“ALT™) less than two
times the UNL, sodium between 130 and 148 mmol/L, potas-
sium between 3.3 and 5.2 mmol/L, chloride between 90 and
110 mmol/L, and calcium between 8.0 and 10.5 mg/dL.
Patients with a history of uncontrolled or severe cardiovascus-
lar disease (e.g., mnadequately uncontrolled hypertension,
congestive heart failure, angina, or myocardial infarction
within the previous year), a history of thromboembolism, a
history of biliary colic or untreated cholethiasis were
excluded. Patients with brain metastasis, climical signs of
brain involvement or leptomeningeal disease, dementia, psy-
choses, or other significant impairment of mental status were
excluded. Patients with a history of another malignancy dur-
ing the past five years (other than non-melanomatous skin
cancer or in situ stage Tla bladder cancer), patients with
active miections requiring antibiotics, or patients on concur-
rent commercial or mvestigational antineoplastic therapies
were excluded. No concomitant use of prostata or saw pal-
metto was permitted.

Example 9
Response Criteria

Response to therapy was assessed aiter the first two months
of therapy and then monthly thereafter. Toxicity was assessed
monthly at each study wvisit. A complete response (“CR™)
required resolution of all signs of disease for a duration of at
least one month (1.e., normalization of PSA; resolution of all
indicator lesions by physical examination or radiographic
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studies with no appearance of new lesions; decline of serum
PSA to <0.1 ng/ml 1n patients who had had a prostatectomy
and <0.5 mg/ml i patients who had had prostatic radio-
therapy; all abnormal biochemical parameters must have
returned to normal, and during this time there should have
been no cancer-associated deterioration 1 weight, perfor-
mance status, or symptoms). A partial response (“PR”)
required a decrease by >50% of the sum of the products of the

perpendicular diameters for all measurable lesions lasting at
least one month, no appearance of new lesions, and a reduc-
tion 1n serum PSA by >50% on two consecutive occasions at
least one month apart. For patients being evaluated by bone
metastases, a PR required a reduction in serum PSA by >50%
on two consecutive occasions at least one month apart an
improvement 1 bone scan (reduction in intensity or size of
one or more metastatic foct and no new foci of radionuclide
uptake unless due to osteoclastic healing documented on
plain radiograph, CT scan, or MRI scan). During this time
there should have been no cancer-associated deterioration in
welght, performance status, or symptoms. Progressive dis-
case (“PD”) was defined by any of the following: (1) increase
>25% 1n the sum of the products of the perpendicular diam-
cters of bidimensionally measurable lesions 1n the sum of the
transverse diameters of umdimensionally measurable
lesions, (2) the appearance of new lesions, and (3) by the
increase in serum PSA >50% over baseline as documented on
two successive measurements >28 days apart. For patients
with bone metastases, a PR could also be defined by an
increase 1n size and intensity of radionuclide uptake of lesions
previously seen on baseline bone scan or the appearance of
two or more new foci ol abnormal uptake (unless due to
osteoclastic healing as described above) or any indication for
radiotherapy to bone areas after the patient has begun treat-
ment with raloxifene. For PD to be scored by PSA critena
alone, a confirmatory PSA determination was required and
obtained two weeks after the value representing a >350%
increase. Patients who had improvement in one objective
parameter while meeting the critenna for PD by another
parameter were scored as having PD. Patients who did not
experience a response or exhibit PD were scored as having
stable disease (“SD”), 1f they remained clinically stable for a
period of at least three months.

Example 10

Wisconsin Brief Pain Inventory

At baseline, each patient was asked i1 he had bone pain
related to the prostate cancer. Patients who answered affirma-
tively were asked to complete the Wisconsin Brief Pain Inven-
tory at baseline and at each monthly follow-up visit thereatter.

Example 11

Treatment

Treatment consisted of 60 mg oral raloxifene daily (ob-
tained from El1 Lilly & Company; Indianapolis, Ind.). Treat-
ment was administered with monthly lab draws and follow-up
visits with the physician. To counteract the increase risk of
deep vein thrombosis that the estrogenic properties of ralox-
ifene poses, patients were administered a regimen of low dose
COUMADIN (warfarin sodium; available from DuPont
Pharma; Wilmington, Del.). Patients received 1 mg oral
COUMADIN daily (or 0.5 mg oral COUMADIN daily 1f

patients were already taking aspirin).
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Example 12

Characteristics of Patients in Clinical Study

Patient characteristics are listed in Table 2. A total of 5

twenty-one patients with prostate cancer were enrolled 1nto
the study with a median age o173 years. Patients had a median
Karnoisky performance status of 90% (range, 70-100%).15/
21 (71%) patients had evidence of bone disease. Six patients
(28.6%) had evidence of measurable disease, mine patients
(42.8%) had evaluable/non-measurable disease with bone
metastases, and six patients (28.6%) had rising PSA levels
only. A majority (67%) of patients had Gleason scores 8-10 at
the time of biopsy. Prostate specimens were from either biop-
sies (14, 67%) or prostatectomy’s (7, 33%). The median time
from diagnosis of prostate cancer to study entry was 83.3
months (range, 16.6-209.5 months).

TABL.

L1l

2

Patient Baseline Characteristics

Characteristics Number Percentage (%o)
Number in Study 21 N/A
Age (yr)

Median 72.7 N/A
Range 62-92 N/A
Karnoisky Performance Status

Median 90 N/A
100 5 24
90 8 38
80 7 33
70 1 5
Weight at Entry (kg)

Median 81.8

Range 63-132

Site of Disease

Osseous 15 71.4
Lymph Nodes 5 23.8
Rectum/Bladder 1 4.8
PSA

Median 48.9 N/A
Range 1-886.0 N/A
Hemoglobin (mg/dl)

Median 12.7 N/A
Range 9.9-14.5 N/A
Alkaline Phosphatase (u/l)

Median 91 N/A
Range 55-239 N/A
Gleason Score

242 1 5.3
2+ 3 2 10.5
3+4 2 10.5
345 3 15.8
4+ 3 4 21.1
4+35 4 21.1
543 1 5.3
5+4 2 10.5
Time from diagnosis of prostate

cancer to study entry (imonths)

Median 83.3 N/A
Range 16.6-209.5 N/A

N/A = not applicable
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Prior treatment 1s listed in Table 3. All patients received 65

prior treatment with combined androgen blockade. 19 (95%)
received secondary hormone therapy with thirteen (62%)

14

patients receiving more than two hormonal therapies prior to
the study. Previous non-hormonal treatments included local
surgery (57%), local radiation (38%), and chemotherapy
(33%). Patients recerved a median of 4.0 (range, 1-9) prior
systemic treatments. All patients enrolled 1n the study failed
their prior treatments and were determined to have AIPC.

TABL.

(Ll

3

Prior Treatments

Treatment Number Percentage (%)
Local Therapy
Surgical 12 57
Radiation 8 38
Systemic Therapy
Hormone Therapy
Total 21 100
Secondary 20 95
>2 Regimens 13 62
Mode of Castration
Surgical 3 14.3
Medical 18 85.7
Chemotherapy
Total 6 28.5
1 Regimen 2 9.5
>1 Regimen 4 19
Prior Systemic Treatments
Median 4.0 N/A
Range 1-9 N/A
N/A = not applicable
Example 13
Toxicity

Previous clinical studies indicate that raloxifene 1s well
tolerated and the most common adverse events reported were
hot flashes and leg cramps (EVISTA package 1nsert; El1 Lilly
& Co.). Similarly, we observed that raloxifene was well tol-
erated with most drug related toxicities reported being mild
(grade 1-2). Toxicities are listed 1in Table 4. The reported
urinary tract infection (“UTI”) (1) and hematuria (1) were
thought to be related to the patient’s underlying disease. Two
grade 3 events were reported: a grade 3 arthralgia/myalgia
thought to be related to the patient’s recent 1njury, and a grade
3 elevated creatinine that was attributed to the patient’s dis-
case progression. A grade 4 hyperglycemia was reported,
however, that patient had a documented grade 3 hyperglyce-
mia prior to beginming treatment; the hyperglycemia was
therefore not attributed to the study drug.

TABLE 4

Patients Experiencing Drug-Related Toxicity™

Grade
Toxicity 1 2 3 4
Blood/Bone Marrow
Anemia 2 1
Cardiovascular
Hypotension 1
Edema 1
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TABLE 4-continued

Patients Experiencing Drug-Related Toxicity™

Grade
Toxicity 1 2 3 4
Constitutional Symptoms
Fatigue/Malaise 1 1
Dermatology/Skin
Rash 1
Endocrine
Hot flashes 2
Hyperglycemia 1 1
Hypoglycemia 1
(Gastrointestinal
Nausea/Vomiting 1 1
Diarrhea 1
Constipation 2
Hemorrhage
Hematuria 1
Hepatic
Increased Alkaline 3
Phosphatase
Increased SGOT 1
(AST)
Hypoalbuminemia 2
Infection
UTI 1
Metabolic/Laboratory
Bicarbonate 1
Hypercholesterolemia 2
Hypertriglyceridemia 1
Pain
Arthralgia/Myalgia 2 1
Bone Pain 1 1
Renal
Increased Creatinine 1 1

*divided by NCI’s Common Toxicity Criteria, v2.0

Example 14
Patient Response and Survival

Of the twenty-one patients enrolled, seventeen patients
(81%) patients reached the first evaluation time point and
were 1included 1n the efficacy analysis. Four patients did not
reach evaluation time point; two withdrew from the study at

SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 12

<210>
<211l>
<212>

<213>
<220>
<223

SEQ ID NO 1
LENGTH: 19

TYPE: DNA
ORGANISM: Unknown
FEATURE :

OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 1
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their own request due to (1) emotional side effects, and (1)
change 1n medical care. The third patient was withdrawn from
the study due to non-compliance (1), and the fourth patient
was withdrawn because he required radiation to bony areas
for pain reliet (although this fourth patient was included in the
cificacy analysis and was considered as disease progression).

At the first evaluation time point, thirteen of the eighteen
patients had progressive disease and were discontinued from
the study, while five of eighteen patients had stable disease
and were continued on raloxifene. Disease progression was
defined as rising PSA (12) and required radiation to bony area
(1). No progression of soit tissue or osseous disease was
observed. Of the five patients with stable disease, four
patients were discontinued due to progressive disease (1.€.,
rising PSA) at the second evaluation point. The other patient
remained on study with stable disease. No improvement in
soit tissue or bone disease was observed.

Median time to disease progression on raloxifene was 8.3
weeks (range, 2.9-24.71). At the time of analysis (November,
2002), the median potential off study follow-up time was 9.0
months. Median survival was 10.5 months. As of July, 2003,
19 of 21 (90%) patients are alive.

[l

Example 15

Histopathology

Of the twenty-one patients enrolled in the study, thirteen
patients had existing prostate tissue available for analysis of

ER-ca., ER-f3 and AR expression. Moderate to strong expres-
sion of ER-3 and AR was detected 1n all of the cases (100%,

13/13). Almost complete absence of ER-a nuclear staining
was seen 1n all except for two out of thirteen (15%) patients.
Fifty percent of the surrounding stromal tissue stained posi-
tive for both estrogen receptors 1n all of the patients. Due to
the small number of available specimens no significant dif-
ferences were detected between groups of patients that pro-
gressed during the first round of treatment and those that

exhibited stable disease.

While the description above refers to particular embodi-
ments of the present invention, it should be readily apparent to
people of ordinary skill in the art that a number of modifica-
tions may be made without departing from the spirit thereof.
The accompanying claims are imtended to cover such modi-
fications as would fall within the true spirit and scope of the
invention. The presently disclosed embodiments are, there-
fore, to be considered 1n all respects as 1llustrative and not
restrictive, the scope of the invention being indicated by the
appended claims rather than the foregoing description. All
changes that come within the meaning of and range of equiva-
lency of the claims are intended to be embraced therein.




cgacttcacc gcacctgat

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 2
LENGTH: 20

TYPE: DNA
ORGANISM: Unknown
FEATURE:

OTHER INFORMATION:

SEQUENCE: 2

tgggataggg cactctgctc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

tgtggtaccc tggcggcatg g

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 23
LENGTH: 21

TYPE: DNA
ORGANISM: Unknown
FEATURE:

OTHER INFORMATION:

SEQUENCE: 3

SEQ ID NO 4
LENGTH: 21

TYPE: DNA
ORGANISM: Unknown
FEATURE :

OTHER INFORMATION:

SEQUENCE: 4

tggtggagat cttcgacatg ¢

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

ctcctectcecce tgcagattca tcC

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 5
LENGTH: 22

TYPE: DNA
ORGANISM: Unknown
FEATURE:

OTHER INFORMATION:

SEQUENCE: b5

SEQ ID NO 6
LENGTH: 25

TYPE: DNA
ORGANISM: Unknown
FEATURE :

OTHER INFORMATION:

SEQUENCE: 6

17

PCE Primer

PCR Primer

PCE Primer

PCR Primer

PCE Primer

ctggctacat catctcggtt ccgca

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 7
LENGTH: 18

TYPE: DNA
ORGANISM: Unknown
FEATURE:

OTHER INFORMATION:

SEQUENCE: 7

cacttgctga acgccgtg

<210>
<211>
<212>
<213>

SEQ ID NO 8
LENGTH: 18

TYPE: DNA
ORGANISM: Unknown

PCE Primer
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25
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220>

<223> OTHER INFORMATION:

<4 00>

19

FEATURE :
PCE Primer

SEQUENCE: 8

gggaggagat gccgctcet

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 9
LENGTH: 25

TYPE: DNA
ORGANISM: Unknown
FEATURE:

OTHER INFORMATION: PCR Primer

SEQUENCE: S

ccgatgettt ggtttgggtg attgce

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 10

LENGTH: 17

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: PCR Primer

SEQUENCE: 10

gcgocggctac agcttca

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 11

LENGTH: 22

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: PCR Primer

SEQUENCE: 11

tctecttaat gtcacgcacg at

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 12

LENGTH: 18

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: PCR Primer

SEQUENCE: 12

caccacggcece gagceggga

What 1s claimed 1s:

1. A method of inhibiting the rate of growth of an androgen-
independent prostate cancer tumor in a mammal 1n need
thereol, the method comprising administering to the mammal
an effective amount of a compound having the formula

NN

N

HO

US 7,425,565 B2
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-continued

50

55

OH 60

65

18

25

17

22

18

or pharmaceutically acceptable salts thereof, wherein the
compound 1s administered in an effective amount of
about 180 mg to about 300 mg per day.

2. The method of claim 1, further comprising administer-

ing to the mammal an estrogen lowering drug in an amount
effective to lower the serum level of estradiol in the mammal.

3. The method of claim 1, wherein the compound 1s admin-
istered 1n an effective amount of about 180 mg per day.

4. The method of claim 2, wherein the estrogen lowering,
drug 1s administered in an amount effective to lower the
serum level of estradiol in the mammal to an amount no
greater than 30 pg/ml.

5. A method of inhibiting the rate of growth of an androgen-
independent prostate cancer tumor in a mammal 1n need
thereof, the method comprising,

administering to the mammal an effective amount of a
compound having the formula



US 7,425,565 B2
21 22

or pharmaceutically acceptable salts thereof; and

administering to the mammal an estrogen lowering drug 1n
an amount effective to lower the serum level of estradiol

in the mammal.

6. The method of claim 5, wherein the estrogen lowering
drug 1s administered in an amount effective to lower the
serum level of estradiol m the mammal to an amount no

0 greater than 30 pg/ml.
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